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(57) Abstract: A semiconductor 
device (1) comprising an N-type silicon 
carbide layer (3) of a low impurity 
concentration formed on an N-type 
silicon carbide substrate (2) of a high 
impurity concentration, a first N-type 
silicon carbide region (4) of a first 
impurity concentration formed on the 
surface of the N-type silicon carbide 
layer, first P-type silicon carbide 
regions (5) arranged adjacently to the 
sides of the first N-type silicon carbide 
region, a second N-type silicon carbide 
region (6) selectively formed in the first 
P-type silicon carbide region including 
the surface a polycrystalline silicon (7) 
short-circuiting the first P-type silicon 
carbide region (5) and the second 
N-type silicon carbide region (6), a gate 
electrode (8) and a third N-type silicon 
carbide region (10); wherein those parts 
form a vertical DMOS structure. Since 
the first P-type silicon carbide region 
and the second N-type silicon carbide 
region are short-circuited by the 
polycrystalline silicon, the threshold 
voltage is fixed to a certain value, and 
thus the semiconductor device can be 
used as a practical MISFET. 
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m m m 

&£m-mm-¥m&mR®}%Mh?^>>7.* (mis fed 
mm 

Siimm (S i C) It /t>Mr>v?*t|£<, Jfci^i®Si#i<vU 

□ > (s i) ki£mLT®-tfj*z^ztfrz>. ttmtmto&f^Qzmtfiwi 
10 ft**iTi***r*K?**. wpx\ mmoMosm^moM i sfeti^ a 

L^LfctfbS i C£ffll^fcM I S F E TT?|£ > V- M&gill <h S i C£<D#r 

J. A. Coope r$ (Ma t. Res. Soc. Proc. , vol. 57 
2. . p. 3-14) btt, $£HDMOS$5£MI S F E T ®t % 

2 0-2 5 cm 2 /V sglJt Lfr&g£*lTl>&l\, 
20 ffi<> MI SFET(0^->tej5i:^i£M-r-5C«i:3!)<r^TL^d:L\ 

CtA«^T*fe-§>^ *©*^/0^^iU-iKft6<S*i:ft.y, MISFET® 
flWfilWEI*ft<bLTL*5. -ffcfr^ /^7-MI SFET <J)t >&tKt&J5 

M. A. Capano^ (Journal of applied phys 
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ics, vol. 87. (2000), p. 8 7 7 3-8 7 7 7) 0)|g2^lCfc 
l» x "C% £tzR. Kumarl (Japanese journal of ap 
pi ied physics, vol. 39 (2000). p. 2001-20 
0 7) a>JBlHfcfcl*T, $SDMOS$ji<Dlv1 I S F E Tj&<sS£*lTI^<5# % 
5 ±fBLfcM. A. Capanol^R. K u m a r H^X^T'li, ME<blCj* 

10 r, si c<D*tt**s^Lfc»WE«tttwi»r=«*>*ft*W"r**iF35^g 

flHtMISFETlrfclvc, *a>v-x«3S^»EflH6*©;«6fl:, *fcft^a 
15 £Lfc##f^*S««Zfc*Btt£« 0 

N aftlbSM t , ±Efi*fflfett0 N aft1b&XJI0S5i± 
20 fcftltfc* 1 aTttttgft®* 1 NaflHbS*H«*fc» *<*>M+K Kl=»»Lr 

±ism i paft<k&xflM0S9* b nmziptz o T»jw<ir=Ritfc» 2 
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92NSWbMa4t0>fllVa>o. 2fS~i. of§i:-f&z££#i\ 

10 ^;ig^5 x 1 O ts flcm- , ~1 x 1 0"aem- , T»i4Ct^fe. 

±IBy-hmai4, ae*<1 X 1 0"|om^1 X 1 O^em^P^ 

a A $ *ifc P S! MA *> U 3 5 c t £#fc 0 

15 ttzs ±IS^f- hiaii, H*< 1 x 1 0 ,$ S c rn*~ 1xlO a |c m*0)m 

^ * >©fir*i*^ t U = > t b * § ij km*<m * ftT l** Z t *#t\ 

20 14, A*A&SU[4g®ft:A©^kS*m^AA^bft^W^«sge©Ni!Stti 
0(11-2 0) m<D±t\ ttzlt. NM*«0 (000-1.) iB©Jtl=»J** 
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^501*. MM® 4 OHftOrvZfr&Wl&O) Lb ctX j (Lbc/Xj) 

m 6 mit s HS£#J 4 (Dis«(7)ffi«)ix^v^;u^a)^$C!K!i« t **=m* 
10 »jtt©H«*'*-rHt?fc*. 

15 m 1 BI*Z(7)fgBJ!<7)i|ig&jgm<7)3& 1 Sttffl®VrB£&£tt(=*-*-B-C&&. 

m-mm-¥m&n&%i%mt- : 7>i>x* (misfed -c*y, 
as® n sro<b^^»« 2 1 % -?-(D±(cigit fciSTO^jgo) n MBtit&mm 3 

20 1- tatts n suMb&*ji 3 <j)a®±icii, *&izm 1 attmasas 1 n 
mmtmmmm (n-jd 4*^$*i-5ti:tic s ^©mi N^t^m^ 

4<0M-9--rKlzP«LTmi Pimm (PS (P-) ^x;u) 5. 5# 

^fc, mi psftit^tiHi«5. sizit, mi Nse<be^fa«4^&8t*ifc 

25 ft«|Z, *<7)!g1 P££Mbg£ft*5. 5©Mfrbfl^lC;bfcoTgflMI::!& 
2®TlttlfeS£a>$2N£ft4b&IHiii* (N + V-X) 6. 6«$^tUS 0 
7JU5^A, fflfcSlMdu C;Kb®£#frbfcS&BiE$|7#, £1 P 

ggMbSMtt 5 1 m 2 n igftsu^ 6 1 zimt * J: 5 fzg It b *lT l^o 
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-Haw if-mitm) 9. 9^^LT^itb*iT^-5o stz, Nsmv& 

*LT> g2N£ft1b&Mtt (N + V-X) 6. y-h*ffi8. 80 

t*©*i pfiKftaaww (p-">i;w 5. 6fc®M0fti pajuufeM 
wmt&mm® (n-««) i o, i o*<ait&*i, ±e©*»i~i cm, « 

I£DMqs«3&l=«Wfc**vcl*<5. 
±E«WtO¥JWM»ll=fe^T, »1 PffiMMkaiHS* (P--7x;u) 5t 

teBEtf-Sfcfcfcb-f » £R0M ISFETt LTffifflT?t<tt^ COfgBJ 

Tftt, $iP£ft<b%MB (P-^x;u) 5&$2Nl!&HH13tfI£ (N+v 

jSFETtL-Cffiffl-r*Ct35«mjlBt<Eofco &fc\ ±K(DHMEfctt, MI 
15 S F E T3&tiM«fiI=ji-r«ttfl!)y- hmE£l*5 0 

*fc, C(D*WCf±,- »2Nfi«ft3^Hi«-(N + V-X) >r- h«« 

8©TO©mi P£ft1b&Mtt <P-*x;W 5£0fflagi pg&tb&M 
jft (p-*xjw 5iz, £3N£!&{b&$1ftt <n-«8) i o£»it, y-h 
m^Strni PSK^M«5^:0!>nic$3NS!^b]£Mi«i 0£tf££i* 

25 zzx% *9 h**U7MicoivciBH , r&. iwv-^feKu-f^ 
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i )7mtnm*z> 0 zommmvit. *3Namtit£M*i o 
5 *2Hi=fct^r % ±iB»is»«tra-a)**»*i=i4i3i-©flHi*#Lr, * 

XSNittmWI <N-««) 1 0a*»J***J:5l=LfcjST?fc*. "Tft 
*1 NSftfc&RfiH* (N-Ji) 4t, y-h«i8®T*a)»1 PMM 

*fcy-ntt8t»i NSttftsxm4^<oinic % *Jh.-eh,N-«*i o, 
n>*fti i t*2N2ft<baiMii* <n+v-x) 6fca>Ma>»E**y- 
±&b LxotyfflmfcHmmizKotz. 

20 fcfc, ±!B©iBET?l*> ft3 NgJtfl&Mtt (N-«*) 10t1 0 a<DjR 
**Klt<6J:3tLfcA<, *3N3UR<l&Mg (NHW) 1 Oa®#*Rlt 

25 m3S(*C0f|BJ©#^^a©^3SM0if®^SWl^1-ST-fe§o 
»3HI=fel^r, ±B»1, »2SIIII«tW-fl!>«WHHRr=ttH-©ff#*f*L 

siiitaMw 5 * y tjs^jt^m 2 pmmt&mm® 5 a t ltuj$ Lfc^-c 
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&*.o zo^oiz, msmmmxit. mi pmmtm%nms<DTmmzft* 

15 &lz s ±KLfc»4«flWIMM*gBl c XfcWttKHW 

-r& 0 coaE-m* ±Efl!)aT«i*iasoNa&fta*aMS2tLr,' **a 
&&mtm.m® (11-20 ®±t> {£t«iim0n 3 £»j& 

77ff-fflfl)77-f J* > f-"7— ££R IE (React i ve ion etc 
h i n g) X-M&Ltlo 
25 fit, -ft>aAffl©"7^tLTO (Low temperature 
oxide) m&mrtzo C0LTOHgl* % *S7>t®M%4 0 0°C~ 8 0 0°C 
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11 N£31b£$figJ« (N-l) KI=»BLT$1 P£$Hb£ 

Mtt (PI (P-) ^x;u) 5. 5£»i*Lfc. 

5 t,n*maAa>m pm&namw* (p+mm 5 a &m i Piutsii 

*5(DT9««IC»«Lfc. *fc> *a>ft2PS*4lftlHMB a *1 0 ,8 ^c 
m*~1 0"flcm- , ©TiU5='>Afe-5L>l**P>*aALT»fifc-rSCt-e, 

-\^u$|iii 2£MLfc„ call&ix^-v^uMJgh 2<DMtt, (L 

be) =0. 3/(mfZftlvC, lxi0 1s icm^5xiO"icm' s (D'ft> 

15 &{b£$fiitt4 fcI4«*ifcMI=iHRttl=*2(DiRfi<Da2 NUMHfeftflMt 
(N + V-X) 6, 6MU:„ 

*bl^ $2N£&4b&Mift (N + 7-X) 6. St, C©ft(DIgT?SS 1 

p g&lb&Mtt 5 . 5 «>U±«)HBf::M**i« c t hBS 8 . 

8©T*©ai»tii P2R<b^«««5. 5t©rar= % *©mi psuftft&M 
20 « s . 5 omm & b wsBic^fc -3 xmsi mz s n 3 ana* 3 n attflsttM 

*10. lOHt>aEA«Lfco 
*©ft, 7;i/^>SNamtpfc fc^x 1 5 0 0tr»jgtt4b7--;u^ftofc o * 

l^T% 1 2 0 0VT?|MfcLT, $50 n mfctf- HMtB 9 . 9*»J*Lfc. « 
7iU=f>SMISl+Tf3 0»IBlT=-ibLfclftI=3ta*-C7;Ud'>SSfflft+ 
25 T-!UaiLfc, *0>&l=y-Mifi8. 8£»fifcLfc. >T-hmJl8. 814, P + 

jKy^Ua^-CJWfcLfc. P+jK'Ji/'Jp hS«8. 8*»«-r*fc«> 

7 vfcjKn:/*-f *>fcM"*Cfcr::* U p 'j =i 2) 

CVDStfe-C^»a7K';i/Ua>4»J*L/l:lftI=, #P>*#M*S i 0 2 H£C 
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vDS^e>ifti:j:yMLr, soo°c~i i oo'cxii&MUfctfc-rs 

i£v LT 6 0 Ot-CMa-f *C t icj: y $£a~>y 3 XctKp > 

fc*tMWJ^T>T?»J*LT*J:^. 8*7^5-^, 7;U5=. 

10 ^A£&, **lM*t'J^T>T?»rtLfc«©y-HWkR9fc©!|liBtt» ? 
- Mitt 8 KiK'J v'J 3 >*ffll*fc»£a>?- httftM9 fcQMJ: y 

WSi 2 , MoS i 2 , fc&lM*T i S tiOfttlfrfrbteZ'sV-y-J KH1 3££ 
15 Life. 

* (N + V-X) 6, 6±6J:tmi Paftft&M* (P--t7X^) 5, 5± 
0JllflN6IHXl 4£x-/^>?LT, □ h?l£l!fiP Lfc. *lvc, -y* 

20 X/^>^WjSLf:ii:, R I Efc*lM*«>xy hXy?>7KJ: U , □ 
*Hr»J*U ££1^ *<D±f::7;U5-^Afc3lMi^£#£Lfc£&frbfc 
^W7JML, $1 PM^be^iHc5<!:m2NM0t^S^6t^ 

25 □ h£MLfc&[C % -ta>±l=7;U5=«>A*at»L % ^Xy hx^^> 
# LT&mmU 7 $ ffM Lfco 

Kb-r>S«l l£MLfc„ COSSttflJ-CI** --/>r 
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*©»2Pfittfcg*1««5afcOlvC, ^(D7M4toU0!)±IH % TR*tttt 0 L 
fco *<DIS*, ff2P&ftfl&M* (P+««) 5 a (7>5F^jgJgf*. 1 xi 
0"flcm* *yiSM-CI*IMI*«*jBC-rmEf4, C©P'+«Ba^ 

10 EtfJMn-f *«>-c, **e&fi£©TPStei x i o l7 |cm^-&i. TO 
M£*<i xi o ,9 <lcm^ja±-eii, *(Dft<D,Wtt7=-;uRic*tttoj&«tt 

**;U1 2<tLT0&tg£Sfc£fc<&6<DT% ±»lt, ixio" 
{icm-'lCflJIS^^l-So 
15 Wb&H*-**MR*-\ 2©»4Lbot»2Nlftfta3MW (N + 

V-X) 60gS$x j ta)Jt (Lbc/Xj) ?**JltMJK£0)M€H 
^-SfcftlC, 3?$L b c = 0. 1. 0. 2, 0. 3, 0. 4. 0. 5, 1. 0 (I 
m®Mtb&ft* * *JI4MK 1 2 £}&J$ Lfc„ 
^5^l4Xj=0. 5//m-?a>^^^;i#ttSa>L b c-rX j (Lbc/X 

20 j) tmfcttt* «5H(=fclvc, ^-^*JWMMEtt»WM^^^*JH 2$ 
»ltft^fc*fl>^^*iHW6*-C«MMtL-C*y, Ifta»f^*A4ttli 2$ 
ttitftnfc*lii Ml*. a*>&****;i/W*i 2fl)g!&SLbc£o. 
1. 0. 2. 0. 3. 0. 4, 0. 5, 1. O/imtLTfrofco S££ L b ctf 
0. 1//m (Lbc/Xj=0. 2) 0£g0?**jl4HMEf*4. 3 % g?5£ L 

25 bctfO. 2//m (Lbc/Xj=0. 4) ©£ tO^-^U&lJtliS. 4T- 
fey, LbctfO. 1 /imT?*S4*3&<**Ct*aBLfc. Lbotfl. 
0/lm (Lbc/Xj=2) <fc U < fc-St^V^U&ilj&te^t l**,©0, 

6&*?**JI'fMl 2©gg£l_bcl* % TBStfO. 1 // m1?±|fi*< 1 . 0/im 
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lc§gBB£*i£>o Lb c/x j -C*li, 0. 2~2. otcffiiU-f ft[Z % 0. 2 
fc46l~, m$Lb c = 0. 3//m|CfcL^r, 5x 1 0 ls lcm^5x 1 0"|c 

m 6 slinks*** -v * junigcowMs <t * * *;L#«ijg <t © m&s^-r 

Kltfcl^tlii tfc6o IMBLfcTMttBx 1 o' 5 Icm- 3 tfe§^ Cfl) 
10 tt-C+»l:*!i*)5<T»r^<6fl!>T5TBHili5xi O ls |cm- , l:«, 5x 

5 x 1 O n f cm^tW. 
15 aiWe^*(Cj:y»J*L» 8 00^~1 1 OO^MSUlttJrfSCfcf:: 

bmmt LtzttK z<D7- ^mm8<D^m^mtmmmE0)mmim^htz6b 

IZ % 9 0 0 , featW*III|«.7L*Ctl=«J:yT«*3l**1 x 1 O ls |cm-»~ 

1 x 1 o^cm^Wb**, *©#K»a>M«E*ilSLfc. 

MWrtWSlMSi?, Htt«Ef*/h*<fty, 1 x 1 CBcm-^TflfPlz** 
<DX\ TMMBftOTBttl x 1 o lf ficm^ffeS„ *es»>>Ja>t 

25 aAnTffifctf P XD^Jgtt, UlO^Icm^ &<DT? s ±PSI* 1 X 1 O 21 fl c 

ZflSUSQfcflKfclvCli, y-hm^8. 8±lZ s WSi 2> MoS 
i 2 . &SIM*T i S i 2 <DOT4ifrfr&ft&*>'J-'H' KRl 3tliLfc, tfP> 
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cmffe^^ S/'J-fr-f K1S1 i 2 , MoS i 2 , &6lM*T i 

S i 2 ©Jt}g$afiira\ &*6 0//QcrrK 5 0//Qcm, 1 5//Qcm-Cfey, 

5 HJfe^-c-Ii. m i s**ailiaw«««()!)B»**Si±-r-6c:i:*<Tftfc. 

c«)*4SQfi«-ctt, N£ftfc£*j|3€, ft7ttftMa>&£Afe 
£>lMi§®{*i§a>J§Hbgf|§l<D (0 00 1) ®, (11-2 0)®, (0 0 0- 
1) |ll:MLf:. £b(Z % m3^IC^-rDMOS«M I S FET$, C*l 
&a>S±fcWUT*>iSfitlI*II£Lfc. WEI*, 1 k VI=fc**3l::WH-L 

10 t-o M I S FET©***;l#Blftli, (0001)|i«, 45cmWs, 
(1 1-2 0) 2 0 1 cmWs, (000-1) ffitf, 1 27 cm 2 

/vs-e&stf, |fe»ttM!M< % (11-20) stt, (oood a* (o 

0 0-1) ®(D70 %M&©T\ ^fitafitli, (000 1) 3 3 mQ 

cm 2 , (1 1-20) 5m9cm 2 , (000-1) 2mQcm 2 

15 tfcU, (000-1) STb^tiS^ofco Lfc^oT, a^fflLNb*lT^§ 
(000 1) BtibtSLT, (1 1-2 0) EfcSlM* (000-1) ®£ffll^ 
ZZtlZ&l), i£l^>£i5l<i£*rr£, DMOSiMISFET^if^ 0 

H«EA<-Sfill=fty, »M I S FET£LTffiffl«Cfc*<TOl=fc-3 

fco 

C<DfgBJJ<D¥#ffcgfiT'tt, g3N£ftfl:&$f|J*£, S&1 NMSHbS 

25 hm^©TO©^ i pmmtmmm®t<Dm. $>ziMt% 2 nm^ 

<b£*«wu:y- hmmoT^som 1 ps«Hi^aHw**<DiBia>{i>fc < £ t-* 

iz s gi PSK<b^li^a®^p>rt^ict5fcors«WiciSri-tfc<D-e, 83 
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10 #£,o 

£bK, ±IB>r-HmiS^ xi O'^cm^l x 1 0 21 <icm- 3 (D 

$ t>!3 % ±w&¥- hmUfc^tf lXl0 16 ic m" 3 ~ 1XlO a |c m- 3 ^ 

i . ooo °c&.±<Dm%$mm£ft : D z t &x*z% «*: 5 y „ m i s 

t^tez?- vwm.fr*. y y- hmna>«in;a*Trf ci^tt, m i 
b & &8?ttfe££a> n Mgffi<z> ( o o o - 1 ) ®&t;, ( 1 1 - 

2 0) ®0±lc^fi£-r-i«J:5[cLf=<Dr% ^-\**;U&i!lJ£tf Ir]± U *>fiiafil 
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n * o m m 

1. ft?ttftM<DN£ft4t&*£tt (2) <D±izw-ttzmm®femom 

« (5) 
10 (6) 

±Gfti Pa«flfl«Wi«fcll2NSUIfta«IW4:*ttl»t-*, 

^aft*<aA**ifc*es5/U3>t (7) , 
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